Introduction: This study examined the efficacy and safety of cholangiopancreatoscopy via the
INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) is a well-established modality for the diagnosis and management of a spectrum of benign and malignant pancreaticobiliary disorders. Common indications include common bile duct (CBD) stones and biliary obstruction from either benign or malignant disorders. (1) In specific situations, ancillary cholangiopancreatoscopy during ERCP is required in order to directly visualise the target lesion for biopsy or definitive therapy. (2) Cholangiopancreatoscopy during ERCP can be performed using a mother-baby scope system, an ultrathin gastroscope and the SpyGlass™ cholangioscopy system (Boston Scientific Corp, Marlboro, MA, USA). Single-operator cholangioscopy via the SpyGlass system is the simplest technique, because it uses a disposable 10-French cholangioscope inserted through the working channel of a standard duodenoscope that can be easily handled by a single endoscopist. In contrast, the mother-baby scope system requires two endoscopists to operate, while using an ultrathin gastroscope to perform ERCP is technically more difficult: as the diameter of the ultrathin gastroscope is larger, ranging from 4.9 mm to 5.8 mm, it cannot be used in non-dilated ducts. (2) Since the first report of the clinical feasibility of SpyGlass cholangioscopy in 2007, data concerning its clinical utility has been published from multiple referral centres. (3) In the landmark initial multicentre registry study from the United States (US) and Europe with 297 patients, the overall procedure success rate was 89%. Adequate tissue was obtained for histological examination in 88% of 140 patients who underwent biopsy for stricture evaluation.
Overall sensitivity was 78% for diagnosis of malignancy by visualisation but only 49% for biopsy. Procedure success, defined by protocol as visualisation and initiation of stone fragmentation and removal, was 92%, although the rate of complete stone clearance during the study's SpyGlass session was lower, at 71%. (4) In the context of biliary stricture evaluation, Ramchandani et al (5) showed that the accuracy of SpyGlass visualisation was 89%, and in contrast to the study by Chen et al, (4) targeted biopsies achieved a higher accuracy rate of 82%.
Comparing SpyGlass targeted biopsies with brush and blind biopsies, Draganov et al showed a significantly higher accuracy rate (84.6% vs. 38.5% vs. 53.8%). (6) Further publications confirmed the clinical utility of SpyGlass cholangioscopy in the management of a spectrum of pancreaticobiliary disorders. (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) Most studies have evaluated the first generation SpyGlass system, whose optical view has a somewhat limited resolution due to the analogue design of the optical probe. The new digital SpyGlass system became commercially available in 2015
and has significantly clearer optical images than the legacy (fibreoptic) SpyGlass system.
Although the digital system is even easier to use due to the improved optical view and may actually achieve higher diagnostic rates in stricture evaluation, published outcome data from this system is more limited.
The ease of use of SpyGlass cholangioscopy has resulted in its widespread utilisation in routine clinical practice. While excellent outcome data have been published from the pioneering referral centres, it is unclear whether similar excellent outcomes can be consistently replicated in routine clinical practice. This study examined the efficacy and safety of SpyGlass cholangiopancreatoscopy in the management of pancreaticobiliary disorders in a regional hospital in Singapore.
METHODS
This was a retrospective single-centre study conducted at Changi General Hospital, a regional hospital located in the eastern part of Singapore. This study was approved by the SingHealth propofol, as the patient could not be adequately sedated using midazolam and fentanyl.
Prophylactic intravenous antibiotics were administered in all cases and continued post procedure, intravenously or orally, for at least three days. If postprocedure sepsis occurred, antibiotic treatment was extended. Selective cannulation was achieved using a papillotome and guidewire, and papillotomy was performed prior to insertion of the SpyScope™ catheter.
In the context of difficult CBD stones that could not be extracted by conventional ERCP techniques such as papillotomy and mechanical lithotripsy, or balloon sphincteroplasty and extraction, stone fragmentation was achieved using Holmium-yttrium aluminium garnet laser lithotripsy. In cases of indeterminate strictures with mucosal abnormalities requiring targeted biopsies, at least six biopsies were routinely obtained using the SpyBite™ biopsy forceps. Table I . (Table II) . The sensitivity, specificity, positive predictive value and negative predictive value for SpyBite biopsies were 81.8% (95% CI 48.2%-97.7%), 100.0% (95% CI 15.8%-100.0%), 100.0% (95% CI 66.4%-100.0%) and 50.0% (95% CI 6.8%-93.2%) respectively. One patient who had a diagnosis of malignancy based on SpyGlass cholangioscopy visualisation with inconclusive histology had disease progression and passed away five months later. Another patient with neoplastic transformation of a choledochal cyst but negative SpyBite biopsy results underwent direct peroral cholangioscopy using an ultrathin gastroscope, and histological confirmation was obtained. For the patient with proximally migrated CBD stent, SpyGlass cholangioscopy facilitated insertion of guidewire into the stent and its successful extraction with a stent retriever. and was discharged well after conservative treatment. There was no procedure-related mortality.
DISCUSSION
The introduction of the SpyGlass system revolutionised the approach towards cholangioscopy and cholangioscopic interventions. As the SpyGlass system is much easier to use compared to other cholangioscopy systems, it is more frequently utilised in routine clinical practice. Even though the system was designed as a cholangioscopy system, it can also be inserted into a sufficiently dilated pancreatic duct for interventions such as lithotripsy or biopsy. (2, 7, 10, 13, 23) Our study was conducted in the setting of routine clinical care in a regional hospital, where SpyGlass-guided interventions were required in 2.4% of cases. Although the use of the newer digital SpyGlass system provided an improved optical view and thus made the procedure technically easier and faster, the eventual clinical outcomes of the legacy and digital systems were similar.
In the management of difficult CBD stones, complete stone clearance was achieved in 92.9% of our cases. Although some studies reported success rates of complete extraction that were somewhat lower at 71%-82.1%, (4, 7, 9, 16, 24) very high success rates of 94%-100% have also been reported. (8, 18, 23, 25) The results of larger case series with at least ten cases are summarised in Table III . Although complete stone clearance can be achieved in a single treatment session in most cases, in the context of larger or multiple CBD stones, more than one treatment session may be required. This was consistent across both our series and other publications. (8, 18, 23, 25) In our series, the sensitivity and specificity of SpyBite biopsies for indeterminate CBD stricture were 81.8% and 100.0%, respectively, while SpyGlass image-based diagnosis was correct in all cases. Hence, even though at least six biopsies were obtained in all cases in our study, there was still the problem of false negative biopsies. Nonetheless, these procedures still had higher sensitivity as compared to brush cytology and non-cholangioscopy-guided intraductal biopsies. In a recent meta-analysis, the pooled sensitivity and specificity of brush cytology for the diagnosis of malignant biliary strictures were 45% and 99%, respectively, while the pooled sensitivity and specificity for non-cholangioscopy-guided intraductal biopsies were 48.1% and 99.2%, respectively. A combination of both modalities only modestly increased the sensitivity to 59.4%. (26) In a systematic review that specifically examined the diagnostic performance of SpyGlass cholangioscopy with SpyBite biopsies, the pooled sensitivity and specificity of cholangioscopy-guided biopsies in the diagnosis of malignant biliary strictures were 60.1% and 98.0%, respectively. In four studies that included patients who had previous negative imaging and brushings and/or intraductal biopsies, the pooled sensitivity and specificity for diagnosis of malignant biliary strictures were 74.7% and 93.3%
respectively. (27) SpyBite biopsies had a significantly higher sensitivity (76.5%) than brush cytology (5.8%) and non-cholangioscopy-guided intraductal biopsies (29.4%) in a direct comparative study. (6) A recent study explored the utility of rapid onsite evaluation of touch imprint cytology (ROSE-TIC) in patients undergoing SpyGlass-directed biopsies. The overall sensitivity of ROSE-TIC for diagnosing malignancy was 100.0%, with a specificity of 88.9%, positive predictive value of 86.7%, negative predictive value of 100.0% and diagnostic accuracy of 93.5%. (28) This preliminary data suggested that ROSE-TIC could potentially further improve the diagnostic yield of cholangioscopy-guided biopsies.
The SpyGlass system has been successfully used for pancreatic duct interventions when the duct is sufficiently dilated to permit probe insertion. In the context of symptomatic pancreatic duct calculi, Maydeo et al successfully treated four cases using laser lithotripsy and achieved complete duct clearance; (23) a larger US multicentre series with 28 patients reported a treatment success rate of 79%. (29) Arnelo et al explored the use of SpyGlass pancreatoscopy in suspected intraductal papillary mucinous neoplasms (IPMN). Using pancreatoscopy, 76%
out of 17 patients with a final diagnosis of main duct IPMN were correctly identified, while 78% out of nine patients with a final diagnosis of branch duct IPMN were correctly identified.
Pancreatoscopy was found to have provided additional diagnostic information in the vast majority of the cases and to affect clinical decision-making in 76% of them. (10) There is a reasonable concern that cholangioscopic or pancreatoscopic interventions may result in a higher complication rate compared to standard ERCP. Reports from studies that This data was similar to that seen in large studies of ERCP performed without cholangiopancreatoscopy. (31) The digital SpyGlass system is now available and early non-comparative data is being published. (21) The setup is simpler and the image resolution better compared to the legacy system, making it easier and faster to visualise the target lesion. The insertion of the SpyBite forceps is also easier. The digital system further simplifies the cholangioscopy procedure and may potentially improve the diagnostic yield in stricture evaluation. Although treatment success rates for CBD stones are already very high with the legacy system, and hence the additional therapeutic advantage may be less, the digital system makes the process easier. In addition to the management of difficult CBD stones and indeterminate strictures, for which its utility has been established, the legacy SpyGlass system has also been successfully used in a myriad of other indications, such as to direct guidewire placement to navigate and traverse tight strictures or access the cystic duct, and to extract migrated stents; this will probably be even easier with the new digital system. (32) (33) (34) (35) (36) Given the costs of the SpyGlass system, it is important to clarify how to utilise it in a cost-effective manner. It is important to decide a priori when the SpyGlass system should be used at the index ERCP, because its use can save the cost of an additional ERCP. In the case of CBD stones, the use of the SpyGlass system is clearly indicated in specific situations where the stone is too big to be captured by the mechanical lithotripsy basket or extracted by large balloon sphincteroplasty. In the context of indeterminate CBD strictures, a recent study compared the cost-effectiveness of five ERCP-based techniques for diagnosing cholangiocarcinoma in patients with primary sclerosing cholangitis-induced biliary strictures, using a Monte Carlo simulation to assess outcomes. It concluded that compared to ERCP with brush cytology; ERCP with brushing cytology and fluorescence in situ hybridisation (FISH)-trisomy; ERCP with brush cytology and FISH-polysomy; and ERCP with intraductal biopsy sampling, SpyGlass cholangioscopy with targeted biopsy was the most cost-effective diagnostic modality. (37) We acknowledge the limitations of our study. This was a single-centre retrospective study with a limited study population. Data on procedure time and length of stay was obtained retrospectively and may not accurately reflect the time attributed to the procedure. Therefore, we did not report this data but focused on more robust outcome data such as treatment success and complication rates. In addition, most of the procedures were performed by a single endoscopist (Ang TL). Nonetheless, this data is still important, because local data has not been published and our results are consistent with the outcomes from high-volume referral centres around the world. (8, 18, 21, 23, 25, 27) 
